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Validation Experiments 
1- Detected products are formed in the outermost interfacial layers of liquid 
microjets.  
Evidence supporting this statement was obtained in previous experiments 
performed in a similar setup, in which microjets of 1 mM hexanoic acid (PCOOH) 
solutions in 1:1/H2O:D2O (initially at pH 7) were exposed to HNO3(g) or DNO3(g). 
The simultaneous detection of hexanoate (PCOO-, m/z = 115), nitrate (m/z = 62), 
PCOOH2+ (m/z = 117), PCOOHD+ (m/z = 118) and PCOOD2+ (m/z = 119) showed that: 
(1) interfacial layers were immediately acidified upon exposure, (2) the increase of 
nitrate was accompanied by the decrease of hexanoate, and (3) the distribution of 
PCOOH2+ (m/z = 117), PCOOHD+ (m/z = 118) and PCOOD2+ (m/z = 119) isotopomers 
depended on whether the liquid microjets were exposed to HNO3(g) or DNO3(g).1 
Since the hydrons (H+ or D+) delivered by HNO3(g) or DNO3(g) were > 103 times 
smaller than those carried by the 50 μL/min H2O:D2O (1:1 = vol:vol) microjets, the 
implication is that these events took place in interfacial layers of 1 nm thickness. 
2- Detected products are formed on the surface of intact liquid microjets rather 
than on the microdroplets produced by nebulization or in the gas-phase. 
This statement is based on experiments in which we compared the formation of 
products from O3(g) reaction with -caryophyllene injected into the reaction 
chamber of the mass spectrometer in two ways: (A) as 1 mM -caryophyllene 
solution microjets at 100 L/min, which amounts to the introduction of 1  109 
-caryophyllene molecules/s: Figures 1, main text, S5 and S6. (B) as 1 L/min of 
N2(g) saturated with -caryophyllene vapor (2.5  1014 molecules/cm3) in 
equilibrium with liquid -caryophyllene at 298 K, which amounts to the 
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introduction of 4  1015 -caryophyllene molecules/s (i.e., in large excess over case 
A): Figure S2. Product signals within background noise in case B demonstrate the 
negligible contribution of reactions on microdroplets on in the gas-phase in our 
experiments. 
3- The main role of the applied electric field is to deflect and accelerate the charged 
microdroplets towards the polarized entrance to the heated capillary interface. 
Figure S3 shows that both HH and FC signal intensities strictly increase (correlation 
coefficient 2 = 0.99) as the square root of the polarizing high voltage. This 
dependence strongly suggests a kinematic effect on the trajectory of 
microdroplets rather than an effect on the chemistry.  
 In Figure S1, note that the microdroplets generated by nebulization are carried 
along the y-axis by the nebulizer gas at 160 m/s. At this velocity, microdroplets 
cover the 2 cm separating the tip of the injector from the projection of the 
entrance to the heated capillary section of the mass spectrometer in  = 0.125 ms. 
The application of an electric field is necessary to deflect the microdroplets along 
to the x-axis towards the entrance. The acceleration a imposed on the 
microdroplets by the electric field is given by equation SE1: 
𝑎 = (
𝑐ℎ𝑎𝑟𝑔𝑒
𝑚𝑎𝑠𝑠
) 
𝑉
𝑑
                         (SE1) 
Where charge (Coulombs) and mass (Kg) are those of microdroplets, V (Volts) is 
the potential difference between the grounded injector and entrance to capillary 
interface, and d (m) the distance between these two points. Note that the mass of 
microdroplets is not constant due to solvent evaporation. In contrast, the charge of 
microdroplets could only change in Coulomb explosions. The applied voltages V 
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must be such that the x = 10 mm distance is covered by the accelerated droplets in 
times t  , equation SE2: 
𝑥 = 1 2⁄ (
𝑐ℎ𝑎𝑟𝑔𝑒
𝑚𝑎𝑠𝑠
)
𝑉
𝑑
 𝑡2                       (SE2) 
SE2 shows that t  V-1/2. The shorter time t is, the larger number of microdroplets 
will be deflected to the polarized capillary interface and the charges they carry 
detected by the mass spectrometer, i.e., mass spectral signal intensities are 
expected to increase as V1/2 as observed. The stronger V1/2 dependence of the HH 
signals relative to FC signals (Figure S3) can be explained by the fact that the 
neutral -hydroxy-hydroperoxides will only bind to chloride after microdroplets 
are desolvated in the heated capillary solvent. Therefore, less neutral 
-hydroxy-hydroperoxides will evaporate and be lost in the chamber at shorter t 
times.   
4- Effects of temperature of drying gas on signals 
    Figure S4 shows that both FC and HH signals increase with drying gas   
temperature, showing that thermally labile -hydroxy-hydroperoxides are 
sufficiently stable to be detected under present conditions. Incipient 
decomposition seems to begin only above 300 C.  
 
  
5 
 
 
 
 
 
-C + NaCl in W:X mixtures
O3(g)/O2(g)
Figure S1 –Schematic diagram of the experimental setup. MP stands for metal 
plate. 
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Figure S2. Negative ion mass spectra of the interfacial layers of A: 
deionized-water, B: W:AN (xw = 0.42) liquid microjets. Gray: no gas flow. Dark 
blue: exposed to 1 L/min O2(g) + 1 L/min -C/N2(g). Red: exposed to 1 L/min 
O2/O3(g) + 1 L/min -C/N2(g). Compare with Figures 1 (main text), S5 and S6. 
Products ion signal intensities are within the background noise. See text on 
Validation Experiments for further details. 
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Figure S3 –Mass spectral signal intensities at m/z 251 (FC, red) and 305;307 
(HH, blue) from [1 mM -C + 0.2 mM NaCl] in a xw = 0.42 W:AN solution 
microjet exposed to O3(g) [E(O3) = 8.1 x 1010 molecules cm-3 s] as a function of 
capillary voltage (volts). Lines correspond to Signal intensity = a + b V1/2 
regressions (2 = 0.99). 
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Figure S4 – Mass spectral signal intensities. A: m/z 251 (FC). B: 305;307 (HH) 
from [1 mM -C + 0.2 mM NaCl] in xw = 0.42 W:AN solutions microjet exposed 
to O3(g) [E(O3) = 9.4 x 1010 molecules cm-3 s] as a function of drying gas 
temperature. Note that FC signals steadily increase with temperature, 
whereas HH signals increase with temperature to a maximum at 300 C, and 
decrease afterwards, possibly due to partial thermal decomposition in the 
heated capillary. 
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Figure S5 – Negative ion online mass spectra of the interfacial layers of (1 mM -C + 0.2 
mM NaCl) in W:THF liquid microjets exposed to O3(g), E(O3) = 3.4 x 1010 molecules cm-3 
s. Molar fractions of water in bulk W:THF mixtures. A: xw = 0.19. B: xw = 0.44. C: xw = 
0.88.  
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Figure S6 – Negative ion online mass spectra of the interfacial layers of (1 mM -C + 0.2 
mM NaCl) in W:DIO liquid microjets exposed to O3(g), E(O3) = 3.9 x 1010 molecules cm-3 
s. Molar fractions of water in bulk W:DIO mixtures. A: xw = 0.54. B: xw = 0.76. 
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Figure S7 – Product yields Y(Pi) (from equation SE3, below) as functions of molar 
fraction of bulk water xw from experiments on [1 mM -caryophyllene + 0.2 mM NaCl] 
in W:AN liquid microjets exposed to E(O3(g), molecules cm-3 s) = (0.9 + 0.1)  1011. (A) 
m/z 251, (B) m/z 267, (C) m/z 305+307, and (D) m/z 321+323. Product yields Y(Pi), 
defined as: Y(Pi) = IPi / IPj (SE3), where IPi is the mass signal intensity of product Pi, as 
functions of xw at constant O3(g) exposure.  
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Figure S8 – Product yields Y(Pi) as functions of molar fraction of bulk water xw from 
experiments on [1 mM -caryophyllene + 0.2 mM NaCl] in W:THF liquid microjets 
exposed to E(O3) = (3.7 + 0.5) x 1010 molecules cm-3 s. (A) m/z 251, (B) m/z 267, (C) m/z 
305+307, and (D) m/z 321+323. Error bars derived from triplicated measurements. See 
caption to Figure S7.
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Figure S9 – Product yields Y(Pi) as functions of molar fraction of bulk water xw from 
experiments on [1 mM -caryophyllene + 0.2 mM NaCl] in W:DIO microjets to E = (3.5 
+ 0.3) x 1010 O3(g) molecules cm-3 s-1. (A) m/z 251, (B) m/z 267, (C) m/z 305+307, and 
(D) m/z 321+323. Error bars are derived from triplicated measurements. See caption to 
Figure S7. 
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Figure S10 – Absolute signal intensity of m/z 251, 267, 305+307, and 321+323 as a 
function of molar fraction of bulk water xw from experiments on [1 mM 
β-caryophyllene + 0.2 mM NaCl] in W:AN liquid microjets exposed to E(O3(g), 
molecules cm-3 s) = (0.9 + 0.1) × 1011 (cyan), (3.3 + 0.1) × 1011 (green), (5.3 + 0.1) × 1011 
(red), respectively. 
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Figure S11 – Octanoate m/z 143 mass spectral signal intensity as a function of the 
molar fraction of water, xw, from 5 M octanoic acid in W:AN microjets. Line is visual 
guide.  
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Figure S12 – Octanoate m/z 143 mass spectral signal intensity as a function of the 
molar fraction of water, xw, from 5 M octanoic acid in W:THF microjets. Line is visual 
guide. 
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Figure S13 – Ascorbate m/z 175 mass spectral signal intensity as a function of the 
molar fraction of water, xw, from 10 M ascorbic acid in W:AN microjets. Line is visual 
guide. 
 
 
  
Ascorbate in W:AN
x
w
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
Si
gn
al
 in
te
n
si
ty
 /
 a
.u
.
0.0
0.1
0.2
0.3
0.4
18 
 
 
 
 
 
Figure S14 – Reaction rates of tert-butyl chloride relative to the value in pure water as 
a function of the molar fraction of water xw in W:AN mixtures. Taken from Wakisaka et 
al.2 
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